SANFORD 0. BYERS, PH.D., AND CATHARINE BLAND, A.B. I)igitoxin adminiistered to the mat, rabbit, or dog has no specific aviditv for heart muscle. The luantity recovered from this organ at any time was no greater than from liver or kidney, while these organs continued to contain the glycoside for a much longer period of time. T lIE D)IGITALIS glycosides have proved themselves so efficacious imi the treatment of various cardiac disorders that it is ire(uenitly forgotten that, nievertheless, there is little exact knowledge ahout either the pharmacologic or physiologic properties of these substances. For example, the exact quantitative aspects of the processes by which digitalis glycosides are (1) absorbed from the gastrointestinal system, (2) carried in the blood stream, (3) enter various tissues and organs, and (4) are dislposed of by these same tissues, are ini the maini unikniowni. Likewise, the means 1)v which these drugs effect their beniigni changes in a deraniged cardiovascular system still remaini to be understood. nii(loubtedly one of the chief difficulties attenidanit on ani investigation of the fate of digitalis glycosides ini the body has been the absenc(e of a tool suffi(ienitly sensitive to measure their (on(enitrationi ini various tissues. Thus, although some aproximationis have beeni made concerning the fate of these substances in the mammalian body, the clata allowing them have beeni obtaine(l too often from experiments in which huge amounts of the ( Recently, however, by the use of the embryonic duck heart preparation we have been able to follow the initial deposition and later, the rate of disappearance of digitoxin from the tissues of various intact animals after parenteral injection of the drug. The present article gives the results of this study. EIETHODS A. Rat. Samples of the heart, liver, kidney, lung, muscle, spleen, and brain were removed from groups of rats, immediately, 1, 3, 6, 10, 12, a(lnd 16 hours after intravenous injection of digitoxin (1 mg. per gram of body weight). Samples of the brain also were removed from groups of rats 24 and 48 hours after injection of digitoxin. One gram quantities of each sample then were analyzed for their (ligitoxin content according to previously described methods.1
In this manner, the fate of digitoxin in various tissues of the intact, normal rat could be followed.
B. Rabbit. Samples of heart, livem', kidney, and lung of rabbits were obtained immediately, an(l one hour after the injection of (ligitoxin (0.5 tig. per gram of body, weight). They were analyzed for digitoxin exactly as the rat tissues had been. It Was found in preliminary stu(lies that known .amounts of a(lde(l (ligitoxin could be removed coml)letely from the tissues studied. A second series of rabbits was injected with 0.2 Mg. of digitoxin per gram of l)odv weight and the tissues were obtained and anal-ze(l immediately-, one half, one, and three hours} after injection. C. Dog. Samples of the heart, liver, kidney, and lung were obtaine(l immediately, 1, 2, 4, 8, 16, 24, and 48 hours after the injection of (ligitoxin (0.2 ,ug. per gram of body weight). Analyses of these tissues for digitoxin content were similar to those (lone on the rat and rabbit tissues. 
RESULTS
A. The Deposition and Disappearance of Digitoxin from the Tissue of Various Animals 1. The Rat. As table 1 illustrates, the liver of the rat contained digitoxin at a concentration far exceeding that of the heart or any other organ. This predilection of the drug for the liver, moreover, continued for a considerable period of time. Certainly the glycoside displayed no especial affinity for the heart. This last fact also was demonstrated by the observa-tion that both the kidney and lung contained either as much or more digitoxin than the heart. Skeletal muscle and spleen on the other hand, contained less digotoxin than the heart.
Unlike the other tissues studied, brain apparently received little digitoxin until about three hours after its injection, but then (see table 1 ) it continued to exhibit the drug long after it could not be detected in any other organ. This last observation suggests that the rate of transfer of the glycoside both into or out of brain tissue is exceedingly sluggish. In other words, the brain is the last tissue to accept digitoxin and the last to give it up.
Ten hours after the injection of digitoxin, although all tissues of the rat still contained the drug, its concentration in any tissue was very slight except in the liver which still contained 1.2 Mg. per gram. Twelve hours after injection, even the liver contained very little (0.05 Mg. per gram) and none was detectable in the remaining viscera. Digitoxin at 16 hours, could be detected only in the brain.
2. The Rabbit. Similar to the rat heart, the rabbit heart also did not appear to concentrate digitoxin in any extraordinary fashion. (See  table 1 .) Thus, the heart was not found to contain significantly larger amounts of digitoxin immediately after injection than the kidney or the lung. Actually the liver, as had been noted in the study of rat tissues, contained more digitoxin than the heart. Moreover, one hour after injection, the kidney as well as the liver was found usually to contain more digitoxin than the heart. No digitoxin was detectable in the brain.
The fate of digitoxin in the tissues of the rabbit could be determined one hour after the injection of 0.5 ,g. per gram but not after this period of time because the animals died shortly after an hour as a result of the effects of the drug. When a series of 13 rabbits was given only 0.2 Mtg. of digitoxin per gram of body weight, the heart again was found to contain approximately the same amount of digitoxin (0.5 pg. per gram) immediately after injection as was found in the lung and kidney. Moreover, 30 However, even at this time there was very much less in the heart than in the kidney (1.5 ag.). Two hours after the injection only the heart and the kidney exhibited digitoxin. From this period on, up to 24 hours, digitoxin was found only in the kidney and in diminishing amounts in this organ.
DIscUSSION
The present study indicates that digitoxin appeared capable of entering each tissue of the rat and other species assayed. Its tardiness in entering and leaving the brain of the rat and its absence in the rabbit brain (one hour after injection) might have been expected for apparently the blood brain barrier is not too easily trespassed in either direction by steroids.
If digotoxin, however, enters most tissues there is little evidence from the results of our analyses that it has extraordinary avidity for cardiac tissue, as has been reported.2 Thus, in the rat, rabbit, and dog, the amount of digitoxin deposited in the heart immediately after its injection appears to be about the same as that deposited in the lung or kidney. Moreover, the heart of the rat and rabbit did not appear to retain excess digitoxin any longer than other tissues. Only the dog's heart appears to retain digitoxin slightly longer than such tissues as the lung and liver.
On the other hand, there was considerable evidence in the present studies that digotoxin is found in greatest concentration in those organs which excrete the drug. Thus, the liver 30DEPO)SLTION ANI) DISAPPE:ARANCIE OF IEGITOXIN FROM(1 TISSUI> of the rat (which has been found capable of excreting digitoxin3) was found to contain, 10 hours after injection of digitoxin, over 20 times as much of the drug as the heart. On the other hand, the dog excretes significant amounts of digitoxin in his urine,4 and his kidney accordingly wvas found to contain five times as much digitoxin as his heart, two hours after parenteral administration.
The present stu(lies offer little information concerning the possible destruction of digitoxin in various tissues of the animal body. In other words, the disappearance of the drug from various tissues (ou0l be due to its escape back into the blood and its excretion by the liver intestine, or kidney. Recently, however, Sjoerdsma and Fischeri concluded that their perfused heart preparation broke down 30 to 40 per cent of the digitoxin it absorbed, all in a period of .5 to 20 minutes. It should be mentioned, however, that their basis for this assumption was their inability to extract the entire amount of digitoxin calculated to have beeii absorbed by their perfused heart. It has been our experience, however, that chloroform, extraction of any tissue homogenate for its content of digitoxin may be incomplete if the amount of the drug in the homogenate is minute.
If various tissues do have the power to destroy digitoxin, it is probably a process intimately attuned to the amount of the drug presented to the tissue. Thus, wvheni small amounts of the drug are presented to various organs as is probably the case in man, the process of destruction must be exceedingly slow or limited. Otherwise, the prolonged persistence of the drug in the body and its gradual renal excretion over a period of several weeks6 becomes inexplicable. On the other hand, if moderately large amounts are administered as ni the present experiment, considerable destruc-tiOn in certain tissues might be expected to *take place. This last possibility, however, remains to be demonstrated. SUAMMARY 1. The amount of Cleposition and consequent rate of disappearance of digitoxiti from various tissues of the rat, rabbit, and dog after parenteral administration of the drug were studiedc 2. No special predilection was showni by (ligitoxill for depositioii in the cardiac tissue of any animal studied although the heart of the dog retained digitoxiii longer than did some of its other organs. Eveni in this animal, however, the kidney contained detectable amounts of digitoxin far longer than the heart.
3. Concentration of digitoxiii appeared to occur in the body organ(s) chiefly involved in its excretion. Thus, it wvas found in highest concentration in the liver of the rat and in the kidney of the dog. 4 . Digitoxin disappeared slowly from the tissues of the rat and dog but rather rapidly from the tissues of rabbit. 5. The possible fate of digitoxin inl the animal and human body was discussed in the light of the above observations.
